Chemical investigation of the Vietnamese soft coral Sarcophyton mililatensis resulted in the isolation of a new 9,11-secosterol, sarcomilasterol (1), along with two known polyhydroxylated sterols, sarcoaldesterol B (2) and ergosta-1β,3β,5α,6β-tetraol (3). Their structures were established on the basis of NMR spectroscopic and MS experiments. Compound 1 (3 μM) significantly increased the growth of MC3T3-E1 cells and caused a significant elevation of alkaline phosphatase activity and nodules mineralization compared to those of the control (P<0.05). These results suggest that compound 1 has a direct stimulatory effect on bone formation in vitro and may contribute to the prevention of osteoporosis.
Although a large number of sterol structures have been discovered from marine organisms to date, relatively few secosterols have been reported. A large number of them showed cytotoxic and antiproliferative activities against various cancer cell lines, such as C6 (rat lioma), J774 (murine monocyte/ macrophages), LnCap (prostate cancer), and Calu-3 (lung cancer) [1] [2] [3] . Among marine organisms, soft corals are known to elaborate both 3β-monohydroxysterols and polyhydroxysterols, derived mainly from a 24-methylcholestane skeleton. Polyhydroxysterols of soft corals and other marine invertebrates occur mainly in either the free state or as the sulfate form, and examples of steroidal glycosides are rather rare, except for those found in starfishes [4] . As part of our continuing investigation to find bioactive compounds from Vietnamese marine organisms, this paper deals with the isolation from the Vietnamese soft coral, Sarcophyton mililatensis, and structure identification of a new 9,11-secosterol, named sarcomilasterol (1), along with two known polyhydroxylated sterols, sarcoaldesterol B (2) and ergosta-1β,3β,5α,6β-tetraol (3) .
Osteoporosis is characterized by a reduced bone mass, which results in increased bone fragility and fracture risk. Many osteoporotic patients have already lost a substantial amount of bone; therefore, a method of increasing bone mass by stimulating new bone formation is required. To investigate whether the isolated compounds could stimulate the function of osteoblasts, cell growth, alkaline phosphatase (ALP) activity, and calcium deposition, they were assessed in the pre-osteoblastic target cell line, MC3T3-E1, which is well-characterized as an in vitro model for osteoblast differentiation.
Compound 1 was isolated as white needles. The molecular formula was determined as C 28 H 48 O 4 by HREIMS (M + m/z 448.3560, calcd 448.3553), which indicated five degrees of unsaturation. The 1 H NMR spectrum exhibited typical signals of six methyl groups, suggesting a steroid structure. In addition, typical signals for an olefinic proton (H-7), a couple of oxymethylene protons (H a -11 and H b -11), and two oxymethine protons (H-3 and H-6) were also observed in the spectrum ( Table 1) . The 13 C NMR spectrum exhibited 28 carbon signals, including six methyl, nine methylene, nine methine and four quaternary carbons, detected by DEPT experiments, in which, the presence of one oxymethylene and two oxymethine carbons, together with one trisubstituted double bond was evident at δ 59.0 (CH 2 , C-11), 68.8 (CH, C-6), 69.7 (CH, C-3) and 148.6 (CH, C-7)/136.6 (C, C-8), respectively. These carbons were assigned to the relevant protons through an HSQC experiment. In addition, a signal at δ 206.1 (C, C-9) indicated the presence of a ketone functionality in the molecule, which is conjugated to the double bond, as deduced by the strongly deshielded 1 H chemical shift (δ 6.61) of the β olefinic proton. The presence of one carbonyl and one double bond in the molecule, together with five degrees of unsaturation, led to the conclusion that compound 1 was tricyclic, and therefore a secosterol. Particularly, the 9,11-secoskeleton, containing a hydroxyl functionality at C-11, was evident from the diagnostic resonances of an isolated proton spin system consisting of mutually coupled resonances at δ H 1.60 (H a -12), 1.08 (H b -12), 3.82 (H a -11), and 3.63 (H b -11), which were assigned through the HSQC experiment to two carbons resonating at δ 59.0 (CH 2 , C-11) and 40.9 (CH 2 , C-12). Both the 1 H and 13 C chemical shifts observed for this ethyl fragment in 1 were very similar to those of the corresponding values in related 9,11-secosterols [5]. The Δ 7 ,11-hydroxyl, side-chain and whole structures of 1 were first identified by comparing its 1 H and 13 C NMR spectral data with those of the corresponding parts in the literature [1, 6] , and further confirmed by the HMBC correlations, as summarized in Table 1 .
In the HMBC spectrum, H-C long-range correlations were observed between H-19 (δ 1.12) and C-1 (δ 31.9)/C-5 (δ 48.5)/C-9 (δ 206.1)/C-10 (δ 45.0), and between H-7 (δ 6.61) and C-5 (δ 48.5)/C-6 (δ 68.8)/C-9 (δ 206.1)/C-14 (δ 42.7) confirming the location of the carbonyl and hydroxyl groups at C-9 and C-6, respectively, and the double bond at C-7 and C-8. In addition, cross peaks were observed in the HMBC spectrum between H-28 (δ 0.78) and C-23 (δ 31.4)/C-24 (δ 39.1)/C-25 (δ 31.6), and between H-26 (δ 0.79)/H-27 (δ 0.86) and C-25 (δ 31.6)/C-24 (δ 39.1) confirming the location of the 28-methyl group at C-24.
The stereochemistry of 1 was established by comparison of the 1 H and 13 C NMR chemical shift values and the coupling constants of 1 with those of the reported 9,11-secosterols, and was further confirmed by the ROESY experiment. The resonance at δ H 3.53 (1H, m) is typical for a H-3 proton with αorientation [4] . The 6α hydroxyl group was clearly identified on the basis of the carbon chemical shift of C-6 at δ 68.8 (66.0 for β-orientation) [1] [2] . The 24R-methyl relative stereochemistry was deduced by comparison of the NMR spectral data of 1 with those of both reported epimeric 24-methylcholestanols [6a] . In the 1 H NMR spectrum of 1, the chemical shifts for the methyl groups in the side chain are sensitive to the stereochemistry at C-24, and so our value of δ 0.78 for H 3 -28 is identical with the value of δ 0.78 reported for the 24R-methyl isomer (vs δ 0.80 for the 24S-methyl isomer). Furthermore, the characteristic differences between 24R and 24S isomers were also recognized in the 13 C NMR spectrum, especially at C-25, C-26, and C-27, and our values for these carbons at δ 31.6, 17.7, and 20.5 were in excellent agreement with those of δ 31.5, 17.6, and 20.4 found for 24R-methyl-cholestanol (vs δ 32.4, 18.3, and 20.2 for the 24S-methyl isomer) [6a] .
In the ROESY spectrum, the cross peak observed between H-3 and H-5 indicated a trans junction of rings A and B; the cross peak of H-6 and H 3 -19, together with the coupling constant of 10.0 Hz between H-6 and H-5 and the upshift of the H-4 eq (δ 2.24), demonstrated again the α-orientation of the hydroxyl group at C-6. Finally, the stereochemistry of ring D was deduced by the dipolar coupling observed between H-14 (δ 3.34) and H-17 (δ 1.67), H b -12 (δ 1.08), H a -11 (δ 3.82), and H b -11 (δ 3.63).
Based on all the above analysis, the structure of 1 was established as 24R-methyl-3β,6α,11-trihydroxy-9,11-seco-5α-cholest-7-ene-9-one, a new natural product, which we have named sarcomilasterol.
Compounds 2 and 3 were identified as ergosta-3β,5α,6β,11α-tetraol (sarcoaldestrol B) [7] and ergosta-1β,3β,5α,6β-tetraol [8] , respectively, by comparison of their NMR spectral, MS, and optical rotation data with the literature values. This is the first report of 2 and 3 from S. mililatensis.
In the present study, we attempted to evaluate effects of compounds 1-3 on the function of osteoblasts. MC3T3-E1 cells were incubated with compounds 1-3 (0.3 and 3 μM) and cell growth was measured (Figure 3 ). MC3T3-E1 cell growth was elevated significantly by the presence of compounds 1-3 at concentrations of 3 μM. Based on this preliminary observation, we evaluated the differentiationinducing activities of compounds 1-3 on MC3T3-E1 cells by assessing intracellular ALP activity and calcium deposition. The effect of compounds 1-3 on osteoblast differentiation was first assessed by measuring the ALP activity, one of the major osteoblast differentiation markers. Compounds 1-3 significantly increased the ALP activity at concentrations of 0.3 and 3 μM ( Table 2) . Compound 3 showed the most potent activity, followed by compound 2 and compound 1. At the concentration of 0.3 μM, compound 3 increased ALP activity up to 132.9% compared to that of the control. Next, we examined the effects of compounds 1-3 on mineralization, another important process in differentiation, by measuring calcium deposition by Alizarin Red staining. Compounds 1 and 3 showed significant stimulatory effect on mineralization. Estrogen deficiency is a cause of osteoporosis, which affects every woman above the age of 65. Estrogen decreases the number of osteoclasts and stimulates osteoblast formation, and slows the rate of bone remodeling and thus protects against bone loss. However, estrogen can also have non-desired effects that contribute to the development and growth of estrogen-dependent tumors, such as uterine and breast cancers [9] . These adverse side effects led to extensive research aimed at finding compounds with beneficial estrogenic effects on selected sites, such as the skeletal and cardiovascular systems [10] , without harmful side effects. Selective ER modulators (SERMs) have estrogenic action on bone, but have antiestrogenic action on the breast and the uterus [11] . In the present study, we showed that a stimulation of proliferation and differentiation by compounds 1-3 occurs in osteoblasts, accompanied by increases in cell growth, ALP activity, and 
Extraction and isolation:
A fresh frozen sample of the soft coral (20 kg) was well ground and extracted three times with hot MeOH (50 o C for 3 h each time) and then concentrated under reduced pressure to give 200 g MeOH extract. This extract was suspended in water and partitioned in turn with chloroform and n-butanol. The chloroform fraction (150 g) was dissolved in methanol and partitioned with n-hexane to defat. The methanol fraction (50 g) was chromatographed on a normal silica gel column (Ф = 15 cm, L = 50 cm) using a gradient concentration of methanol in chloroform from 0 to 100%, to give nine sub-fractions M1 -M9. The subfraction M4 (2 g, eluted with chloroform/methanol 10/1) was repeatedly chromatographed on reversed phase silica gel (RP-18) with methanol/water 5/1 to give the new compound 1 (20 mg, white needles) and the known ones 2 (200 mg, semisolid) and 3 (100 mg, white crystals). Cell culture: MC3T3-E1 cells (RCB1126, an osteoblast-like cell line from C57BL/6 mouse calvaria) were obtained from the RIKEN Cell Bank (Tsukuba, Japan), and cultured at 37 °C in a 5% CO 2 atmosphere and α-modified minimal essential medium (α-MEM; GIBCO). Unless otherwise specified, the medium contained 10% heatinactivated fetal bovine serum (FBS), 100 U/mL penicillin and 100 μg/mL streptomycin.
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